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Revision total hip arthroplasty using a cementless cup supporter and iliac autograft: a 
minimum of 15-year follow up 
 
Abstract 
Background: Bone deficiency in revision total hip arthroplasty (THA) is a surgical challenge. 
The Murata-Chiba cup supporter (MC Support Ring; Zimmer) is an acetabular component 
supporter for a cementless porous-coated cup. The purpose of this study is to examine the 
clinical and radiographic outcomes of reconstruction of acetabular bone deficiency using iliac 
autografts supported by a MC support ring in a revision setting with minimum 15-year 
follow-up. 
Methods: Fifty-nine consecutive revision THAs (57 patients) using the MC support ring 
were followed for a minimum of 15 years. Nine hips had AAOS type II deficiency and 24 
had type III defects of the acetabulum. Clinical outcomes were evaluated using the Harris Hip 
Score (HHS). Radiographic evaluation included assessment for loosening and bone graft 
incorporation. Kaplan-Meier survival analysis was performed. 
Results: At a minimum 15-year follow-up (mean, 17.6 years), 32 patients (33 hips) were 
alive, 17 patients (18 hips) were deceased, and 8 patients (8 hips) were lost to follow-up. The 
mean HHS improved from 44.3 to 77.2 at final follow-up. Four hips required reoperation due 
to deep infection (2 hips) and liner dissociation (2 hips), but no acetabular components were 
revised for aseptic loosening. Incorporation of the bone graft occurred in all cases. One 
unrevised patient had radiographic failure. Survivorship at 15 years with re-revision or 
radiographic failure as the endpoint was 90.6% (95% CI, 83.0-98.8%). 
Conclusion: The reconstruction of acetabular bone deficiency using autografts supported by 
a MC support ring provided satisfactory clinical and radiological results at 17.6 years 
postoperatively. 
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Introduction 
In revision total hip arthroplasty (THA), bone loss due to loosening and migration of the 
acetabular component makes fixation of a new implant difficult, and restoration of acetabular 
bone stock is one of the most important factors affecting the outcome. Many techniques have 
been described to reconstruct extensive acetabular defects, including use of a cemented 
polyethylene component with impaction allografting [1, 2], structural allograft with a 
reconstruction cage [3], jumbo components [4], tantalum augmentation with a cementless cup 
[5, 6], an acetabular reinforcement ring with or without a bone graft [7-9], and the cup-cage 
construct [10, 11]. 
Early experience with cemented acetabular revision in the 1980s was disappointing [12-15], 
and this led to development of the Murata-Chiba cup supporter (MC Support Ring; Zimmer, 
Warsaw, IN) in 1992. The MC support ring is a metal smooth supporting ring (Fig. 1) for use 
with a cementless porous-coated cup (Harris-Galante I, II and Trilogy Cup; Zimmer). We 
have used this ring with autograft in revision THA since 1993. The ring has no potential for 
bone ingrowth, but protects grafted bone through screw fixation to the pelvis, thereby 
partially protecting the grafted bone from excessive loading during the incorporation and 
remodeling processes. Hence, this device permits bone ingrowth into the porous-coated cup 
and bone stock restoration, similarly to the cup-cage construct. 
Matsuno et al. [16] reported good midterm results using the MC support ring in treatment 
of protrusio acetabuli in patients with rheumatoid arthritis. However, the long-term results of 
reconstruction of acetabular bone defects in revision THA with this ring have not been 
described. The purpose of this study was to evaluate the long-term clinical and radiological 
results of acetabular reconstruction using a MC support ring, autograft and a cementless 
porous-coated acetabular cup in patients with a minimum follow-up of 15 years. 
 
Material and Methods 
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MC support ring 
The MC support ring (Fig. 1) is a titanium ring with a large superior flange that is fixed to 
the iliac bone and a small inferior hook that is placed around the antero-inferior rim of the 
acetabulum. The ring is available in sizes ranging from 46 to 60 mm and is used with a 
Harris-Galante I, II and Trilogy multihole cup of the same size. 
 
Patients and follow-up 
The study was conducted as a retrospective medical record review of 59 consecutive 
revision THAs in 57 patients performed between February 1993 and June 2001, using 
cementless acetabular cups and autograft supported by a MC support ring. Eight patients (8 
hips) were lost to follow-up at less than 15 years postoperatively. In these patients, 
complications or instabilities with mechanical failure of acetabular reconstruction were 
observed over a mean follow-up period of 6.0 years (range 0.8-12.0 years). Seventeen 
patients (18 hips) died from causes unrelated to the index revision surgery within 15 years. 
The mean age at death was 80.1 years (range 57-96 years). Two of the deceased patients had 
periprosthetic infections at 4 and 84 months after revision surgery, respectively. One died of 
pneumonia at age 88, twelve years after resection arthroplasty, and the other died of liver 
cirrhosis due to chronic hepatitis C infection at age 63, nine years after resection arthroplasty. 
These 26 hips were included in the analysis of survivorship and related complication. The 
remaining 32 patients (33 hips) were reviewed clinically and radiographically (Table 1). The 
mean follow-up was 17.6 years (range 15.0-22.9 years). The study was approved by our 
hospital institutional review board. 
In 91% of the hips, the original diagnosis was osteoarthritis secondary to acetabular 
dysplasia. The indication for revision was aseptic loosening in 25 hips (76%) and proximal 
migration of bipolar hemiarthroplasty in 8 hips (24%). There was no case of infection, 
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dislocation or acetabular fracture in the cohort. The Charnley classification [17] was used for 
assessment of comorbidity: category A, ipsilateral joint arthroplasty; B1, ipsilateral joint 
arthroplasty with degenerative change in the contralateral hip; B2, both hips replaced; and C, 
multiple-joint disease or other disabilities leading to difficulties in walking. Acetabular bone 
defects were classified using the method of the American Academy of Orthopaedic Surgeons 
(AAOS) [18] and Paprosky et al. [19] (Table 1). 
 
Surgical procedure and postoperative care 
All operations were performed using a direct lateral (Hardinge) approach with the patient 
in the lateral decubitus position. After removal of the acetabular component, cement and 
underlying membrane, the sclerotic acetabular bone was gently resected with use of 
hemispherical reamers, taking care to minimize further bone loss. 
Generally, bone graft was achieved for segmental defects at the superior or medial wall 
with iliac cortical bone grafts. For cavitary defects, crushed bone chips (diameter of 5 to 10 
mm) were impacted as firmly as possible with impactors, trial acetabular components, and a 
mallet. Bone substitute of hydroxyapatite (HA) and tricalcium phosphate composite material 
(Ceratite; NGK Spark Plug Co. Ltd., Aichi, Japan) of 4 to 25 g was mixed with the autograft 
if the amount of bone chips was insufficient. The size of the cementless component was 
considered adequate if primary stability was achieved using the trial shells. In index revision 
surgery, autografts were used in all 59 hips: crushed cancellous bone chips only were used in 
8 hips, and chips with full-thickness cortical bone from the iliac crest were used in 51 hips. 
Ceratite was used in 52 hips. At 15 years follow-up, all 33 hips had autografts: three hips had 
crushed iliac crest cancellous bone chips alone, and 30 hips had chips and a full-thickness 
iliac crest. Ceratite was used with bone chips in 29 hips. 
The MC support ring was combined with a multi-hole porous-coated acetabular cup 
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(Harris-Galante I and II, and Trilogy) of the same size and fixed with a dedicated screw. The 
cup size in the cohort ranged from 50 to 56 mm (Table 2). The assembled component was 
impacted into the acetabulum until contact was made between the flange of the prosthesis and 
the iliac bone. To maximize the contact area of the ilium and grafted bone for best fixation, a 
high placement of the cup was accepted. The cup was oriented at 35-45° inclination and 
5-10° anteversion. After confirming primary stability, the component was fixed with 3 to 5 
fully threaded 6.5-mm cancellous screws though cup holes and then with 2 to 4 fully threaded 
4.5-mm cortical screws through flange holes to the iliac host bone. The liner assembly was 
performed in the standard fashion. The femoral component was revised in 15 hips and all 
were cementless stems. 
Patients were mobilized on the first or second postoperative day and were allowed to use a 
wheelchair for 2 to 4 weeks. Non-weight bearing with a walker or crutches was started 2-4 
weeks later and partial weight bearing was started at 6-8 weeks after surgery. Full weight 
bearing was allowed at 3-4 months after the procedure. No patient used hip braces to limit 
adduction or flexion postoperatively. 
 
Clinical and radiological evaluation 
Patients were requested to return for postoperative follow-up visits at 3 months, 6 months, 
one year, and annually thereafter. Patients who were not seen for one year were contacted by 
telephone and asked to visit. Preoperative and postoperative clinical outcomes were evaluated 
using the Harris hip score (HHS) [20]. Perioperative and postoperative complications, 
including dislocation, infection, fracture, and deep vein thrombosis, were recorded. 
Radiographic outcomes were evaluated on standardized supine anteroposterior radiographs 
of the pelvis, including both hips, obtained at 2 weeks postoperatively and in annual 
follow-up. The radiographs at 2 weeks were considered as baseline radiographs for follow-up 
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comparison. Bone incorporation of the autograft or bone graft substitute was assessed using 
the criteria of Conn et al. and was defined as similar density of the autograft and host bone 
with a continuous trabecular pattern throughout the graft-host bone junction [21]. The 
location of the bone graft resorption was recorded if this had occurred. 
Baseline and follow-up radiographs were compared to assess migration or shift of the 
components using the method described by Massin et al. [22]. The inclination angle of the 
cup was measured on baseline and latest follow-up anteroposterior radiographs with respect 
to the landmarks of the inter-teardrop line and the long axis of the projected ellipse of the 
face of the cup. The height of the revised hip center was also measured relative to the 
anatomic hip center. In patients with unilateral hip disease, the anatomic center was 
determined by mirroring the opposite unaffected hip joint. In others, the height of the 
anatomic center was predicted using the method of Fessy et al. [23]. The presence and 
progression of radiolucent lines were evaluated using the zones described by DeLee and 
Charnley [24]. Cup loosening was defined as a change in the angle of inclination of >3° or 
migration of >3 mm, or a continuous radiolucent line wider than 2 mm after correcting for 
magnification [24]. Radiographic failure of the acetabular reconstruction was defined as 
resorption of the bone grafts, cup loosening or metal failure such as breakage of a screw or 
the MC support ring. 
 
Statistical analysis 
The Kaplan-Meier method with 95% confidence intervals (CI) was used to estimate the 
cumulative probabilities of acetabular component re-revision (exchange or removal) and 
radiological failure. A Wilcoxon signed rank test was used to compare preoperative and latest 
values of Harris hip scores. All statistical tests were two-sided and p<0.05 was considered to 
be significant. All analyses were performed with the statistical software R (version 3.0.1). 
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Results 
Survivorship 
Kaplan-Meier survival analysis of the acetabular component at 15 years was 90.6% (95% 
CI, 83.0-98.8%) for removal of the cup for any reason or radiographic failure as the endpoint 
and 98.3% (95.0-100%) for radiographic failure as the endpoint (Fig. 2). The 15-year survival 
rates were 100% in AAOS type II and 97.6% (93.1-100%) in type III defects using 
radiological failure as the endpoint. 
 
Clinical outcome scores 
The HHS increased from a mean preoperative value of 44.3 (range, 7-79) to 77.2 (55-97) at 
the last follow-up (p<0.05). Fifteen, 9 and 9 hips had HHS >80, 70-80 and <70, respectively. 
Of the patients with poor results (HHS <70), 3 had contralateral non-operated osteoarthritic 
hips (Charnley category B1) and 6 were rated as Charnley category C at the last follow-up. 
Thirteen patients (41%) had no pain, 16 (50%) had slight occasional pain, but no pain-related 
activity limitation, and 3 (9%) had mild pain due to stem (n=2) or cup (n=1) loosening. 
 
Complications and re-revisions 
There was no postoperative dislocation during the follow-up period. Of the original cohort 
of 59 hips, postoperative complications occurred in 7 hips. These included 2 femoral 
fractures (3.4%) and one case of symptomatic deep vein thrombosis (1.7%), all of which 
were treated successfully with conservative treatment; 2 late infections (3.4%) at 4 and 84 
months that required resection arthroplasty and no further surgery; and 2 liner dissociations 
(3.4%) at 7 and 8 years that needed revision arthroplasty. One was revised with the same 
diameter cementless porous-coated cup alone because the bone stock status allowed for 
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cementless cup fixation. The other was reconstructed using a Kerboull cross-plate and 
structural allograft at the lateral portion of the acetabulum to decrease the cup inclination 
angle. In both cases, the Harris-Galante II socket was well fixed and the grafted autologous 
and artificial bone had macroscopically incorporated at the time of surgery. 
 
Radiographic analysis 
The mean cup inclination angle was 45.0º ± 6.4º (range, 30-59º). The mean difference 
between the height of the revised hip center and the anatomic center was 15.0 ± 9.7 mm 
(range, 1-41 mm). Evidence of bone graft incorporation was found in all 33 hips one year 
after the procedure (Fig. 3). A normal trabecular structure around the acetabular components 
was seen in most cases within 6 months. There was no cup loosening and metal failure such 
as screw breakage or fracture of the MC support ring, except for one case. The patient with a 
loose cup was a 53-year-old female with an AAOS type III and Paprosky type IIIB bone 
defect. The gap between the acetabular components and host bone was seen in immediate 
postoperative radiographs. The acetabular component was loosened at 1 year postoperatively. 
Although the patient was suffering from pain, she refused revision surgery. Five hips had a 
non-progressive clinically asymptomatic radiolucent line within 2 mm around acetabular 
components: two in zone III, two in zones II and III, and one in all zones. 
 
Discussion 
The 15-year survival rates of acetabular reconstruction using a MC support ring, autograft 
with or without bone substitute material, and a cementless porous-coated acetabular cup were 
high, at 90.6% for removal of the cup for any reason or radiographic failure as the endpoint. 
In addition, there was no failure of acetabular reconstruction in 98.2% of patients with 
complete incorporation of the autograft with or without bone substitute. However, one case 
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(1.7%) of mechanical failure of the MC support ring did occur 1 year after revision. However, 
this mechanical failure may have been due to a technical error. There was a gap between the 
acetabular components and host bone in immediate postoperative radiographs, which 
suggests that poor quality of bone stock restoration with an inadequate volume of bone graft 
accounted for this failure. Approximately 30% of the patients had poor clinical results (HHS 
<70 points), but all these patients were in Charnley category B1 or C at the latest follow-up. 
Many options are available in revision hip arthroplasty for treatment of acetabular bone 
defects. Use of cementless porous-coated “jumbo cups” has been reported for revision THA 
with AAOS type III bone defects, and this could constitute a straightforward technique for 
acetabular reconstruction, with reported survival rates up to 96% at 15-year follow-up [4, 
25-29]. The disadvantages of this technique are that host bone may have to be removed to 
implant the cup and that bone stock is not restored by the reconstruction. 
Several studies report impaction bone grafting with cemented sockets in revision THA 
when significant bone loss exists [1, 2]. Schreurs et al. [30] reported a survival rate of 84% at 
15 years following acetabular revision for aseptic loosening and Welten et al. [31] reported a 
79% survival rate for any reason at 15 years of follow-up. Te Stroet et al. [32] reported good 
clinical results at over 25 years using a competing risk analysis (93% for aseptic loosening). 
The impaction grafting technique with morselized allografts can achieve successful 
vascularization and incorporation by creeping substitution of cancellous bone chips [33]. 
However, acetabular impaction bone grafting is technically demanding and Kostensalo et al. 
[34] reported discouraging results. In revisions with large acetabular bone defects, this 
technique carries an increased risk of complication because incorporation of host bone may 
be insufficient to provide mechanical integrity for the allograft/bone composite [35]. 
Acetabular reconstruction using a reinforcement ring such as a Kerboull cross-plate [9, 36] 
or Ganz reinforcement ring [7], structural allograft and a cemented socket is a common 
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option. The survival rate of hips reconstructed using this technique is approximately 85-92% 
with radiographic evidence of loosening or re-revision for aseptic loosening as the endpoint 
at 10 to 15 years. However, structural allograft is substituted by the patient’s own vital bone 
only at the edge of the graft because of the lack of revascularization. Therefore, primary 
concerns with a bulk allograft include risks of resorption and collapse over time. 
Reports related to trabecular metal augments in acetabular reconstruction have increased 
considerably in recent years, and short- or mid-term studies have yielded good results [6, 37, 
38]. The main advantages of this reconstruction option are the biologic fixation of the whole 
construct, the inherent metal resistance to fracture and failure, and the relatively easy 
technique. These components have been introduced in the last decade [39], and consequently, 
the long-term results over 10 or more years are unknown. Additionally, use of these artificial 
augments has only minor net changes, rather than a marked additive effect, on bone stock. 
Acetabular reconstruction using the MC support ring, autograft and a cementless cup has 
two main advantages. The first is restoration of the acetabular bone stock. The general 
principle in hip revision surgery is to increase, or at least retain, bone stock in the pelvis for 
future needs. This is significant, especially in young patients. The second advantage is that 
the device permits bone ingrowth into the porous-coated cup, even though bone ingrowth 
does not occur in the device itself. The ability to achieve a rigid, stable construct that allows 
for osteointegration of the cementless porous-coated cup increases the long-term predictable 
implant survival. Currently, the cup-cage construct is available as another treatment option 
that works on a similar principle, has similar advantages, and has been shown to have good 
early to mid-term results [40,41]. The disadvantages of autograft are the limited quantity of 
bone available for harvesting and donor site morbidity and complications. Use of the MC 
support ring can reduce the bone graft volume to a certain extent by high placement because 
the inferior flange of the ring is small enough to allow a high hip center without cutting the 
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flange. We believe that the small inferior hook did not necessarily need to be placed under the 
obturator foramen. In the current study, we accepted up to 41 mm of proximal placement and 
did not encounter any problems in these high hip center cases. 
This study has several limitations. First, the sample size was small, as is common in 
complex revision THA studies. Second, we had no comparison group. Third, we did not 
confirm histological bone incorporation for autologous and artificial bone grafts. However, 
macroscopically, the bone grafts seemed to incorporate into the host bone in two revision 
cases. Within these limitations, we conclude that reconstruction of AAOS type II and III, 
Paprosky type IIA to IIIB bone defects using a MC support ring, autograft and a cementless 
cup provides good clinical and radiological results for over 15 years. 
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Table 1. Details of the 33 revision total hip arthroplasties. 
Total patients 32 
Sex Female 26, Male 7 
Total hips 33 
Side Right 20, Left 13 
Age at operation (y) 54.1 ± 11.2 
Height (cm) 154.6 ± 7.7 
Weight (kg) 55.1 ± 9.0 
Original diagnosis OA 30, FNF 2, AVN 1 
Initial arthroplasty THA 19, BHA 8, THARIES 6 
Diagnosis for revision Loosening 25, Mig. BHA 8 
Number of previous surgeries One 29, Two 4 
Charnley category A 13, B1 12, B2 7, C 1 
AAOS type II 9, III 24 
Paprosky type IIA 8, IIB 8, IIC 2, IIIA 12, IIIB 3 
 
OA, osteoarthritis; FNF, femoral neck fracture; AVN, avascular necrosis of femoral head; 
THA, total hip arthroplasty; BHA, bipolar hemiarthroplasty; THARIES, total hip articular 
replacement by internal eccentric shells; Mig. BHA, migration of BHA 
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Table 2. Details of the 33 acetabular implants. 
Type of acetabular component  
 Harris-Galante I 1 
 Harris-Galante II 21 
 Trilogy 11 
Acetabular component sizes (mm)  
 50 2 
 52 2 
 54 14 
 56 15 
Femoral head sizes (mm)  
 22 20 
 26 13 
Polyethylene liner  
 Neutral 23 
 10° elevated 10 
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Figure Legends 
Fig. 1 A) The Murata-Chiba support ring. On the small flange side, there is a screw hole 
(arrow) to fix a cementless cup. * Inferior hook. B, C) The unified MC cup supporter. 
 
Fig. 2. Kaplan-Meier survival curves with 95% confidence intervals showing A) removal of 
the cup for any reason or radiographic failure as the endpoint and B) radiographic failure as 
the endpoint. 
 
Fig. 3. Radiographs showing A) aseptic loosening (American Academy of Orthopaedic 
Surgeons classification defect type III, Paprosky classification type IIIB), B) the hip two 
weeks after acetabular reconstruction, C) partial incorporation (arrow) of the acetabulum 
superior wall three months after revision, and D) a stable acetabular component 19 years after 
revision. 
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Fig. 1 A-C 
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Fig. 2 A,  
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Fig. 3 A-D 
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